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Abstract: 

In gas sensor domain, cross-sensitivity between humidity and ammonia is not well studied in literature. 
Humidity can induce variation on gas sensor responses and also affect the devices lifespan. The aim 
of the present work is to clarify the effect of humidity on the response of a resistor used for NH3 
monitoring in air quality applications. This survey performs experiments under different relative 
humidity levels to verify the effect of humidity on the conductivity of the sensing element. Then, the 
sensor was exposed to different humidity levels and NH3 concentrations to statute on cross-sensitivity 
of sensors. The device made from a molecular material exhibits a response stable to ammonia in the 
range of 20-60% of relative humidity. 
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Introduction 

Ammonia is a well spread chemical product 
used as a raw material for producing fertilizers 
and also as a refrigerant in food industry [1,2]. 
The profusion of this gas induced a safety risk 
over industrial employees due to its toxicity. 
That is why exposure limit was set. In Europe, 
the air quality labour legislation sets a daily 
exposure limit at 20 ppm. This limitation created 
a need for monitoring NH3 concentrations in air 
as a safety measure. Many detectors are 
available for sale and cover this range. 
However, within an industrial environment the 
effect of humidity is not very well known. 
Moreover, a cost effective and simple sensor 
could interest industrials. That is why we did 
conduct a survey of combined NH3 and 
humidity effects, with cobalt phthalocyanine 
(CoPc) as sensitive molecular material. 
Phthalocyanines are well known as 
semiconductor [3,4] and their uses in gas 
sensors [5-7] particularly in air quality control [8-
10]. Our lab did conduct a previous survey on 
NH3 and CoPc diluted in dry Ar [11]. This work 
and another one on the effect of NH3 and wet 

atmospheres on the conducting properties of 
lutetium bisphthalocyanine thin films [12] were 
used as a starting point to developed an NH3 
workbench and allow this study for measuring 
conductivity of sensing layer exposed to 
different NH3 concentrations and relative 
humidity (RH) levels. 

Experimental 

The sensing element (CoPc) was deposited 
onto Interdigitated electrodes (IDEs) made of 
Indium Tin Oxide (ITO) deposited on a floated 
glass substrate. The product was evaporated 
(using a VEECO 770 system) at ca. 10-6 mbar 
and at a 2 Å.s-1 rate. The thickness (100 nm) 
was controlled by means of a quartz 
microbalance. 

The ammonia workbench performs conductivity 
measurements and control three 5850S Brooks 
mass flow controllers (MFCs) that regulate the 
flow rates of gases. All experiments were 
carried out in ambient conditions (temperature 
and pressure). In Fig. 1 are represented two 
MFCs that control a main stream of 500 
mL.min-1. This main line supply the 
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measurement cell, a cylindrical Teflon chamber 
(ca. 10 cm3 internal volume), with an Ar flow 
charged with humidity. The RH was controlled 
through the balance of MFCs and monitored by 
a Vaisala HMT100 humidity sensor. Then, NH3 
concentration in the chamber controlled by a 
third MFC via a secondary line used for the 
injection of a NH3 flow. Finally, the sensor is 
alternately exposed to exposure/recovery 
cycles (1 and 4 minutes, respectively) while 
regulating humidity levels. The switching 
between exposure and recovery is a dynamic 
exposure setting, a method that allows an 

estimation of concentrations with the help of 
relative response (RR) calculation (eq. (1)). 

Δσ
σ 0

=
σ f −σ 0

σ 0

 (1)  

where σ0 is the conductivity value at the 
beginning of an exposure/recovery cycle and σf 
the conductivity value at the end of the same 
cycle. The conductivity and relative response 
(RR) were plotted versus time to depict the 
effect of humidity on the response to ammonia. 

 
Fig. 1. Ammonia workbench with controlled humidity. 

 

Results 

Before testing the effect of humidity on the 
sensor conductivity, CoPc film was exposed to 
high RH atmospheres. The CoPc is not soluble 
in water and, as expected, the sensing layer 
remained unimpaired. No sign of alteration was 
observed in the 0-80% RH range as well in 
further experiments under NH3 and humidity. A 
different RH level was set by step of 10% in the 
0-80% range. Each step was maintained during 
15 minutes and then changed. Then, the 
conductivity was plotted as a function of time 
(see Fig. 2). The result of conductivity 

experiment exposed to different humidity levels 
showed that the variation at the switching 
moment between two humidity levels was 
small. However, when the RH dropped below 
20% the increase in conductivity became quite 
large, especially from 20 to 10%. A sharp 
increase could also be observed when lowering 
the humidity level from 10% to 0% RH. This 
dramatic effect can be attributed to the drying of 
material. Thus it is possible to conclude that 
CoPc conductivity increases at very low RH 
levels. 
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Fig. 2. Conductivity (solid line) as a function of time 
of a CoPc resistor exposed to different humidity 
levels (dotted line). 

The next test for this study was the mixing of 
humidity and NH3. CoPc resistor was exposed 
to NH3 at different concentrations, successively 
87, 23 and 45 ppm. Each exposure of 1 min-
long was followed by a 4 min-long rest period. 
These exposure/recovery cycles were repeated 
four times. At each NH3 concentration this 
measurement was realized for 4 different 
humidity levels (dotted line), namely 20, 30, 40 
and 60% RH, respectively. In Fig. 3 are plotted 
as functions of time the conductivity and the 
RH. The conductivity is only plotted during the 
exposure/recovery cycles. As studied 
previously [11], the conductivity of CoPc 
decreases during exposure to NH3 and then 
increases during recovery period. For the same 
RH it can be possible to clearly observed the 
four exposure/recovery cycles at each NH3 
concentrations. The variations of humidity 
levels for the same set of concentrations keep 
the relative response of the conductivity stable. 
From Fig. 3, we can conclude that the response 
of CoPc to NH3 is stable at any RH value, in the 
range 20-60%, the conductivity variation 
depends solely on the NH3 concentration.  

In order to clarify the unsensitivity of the 
response to the effect of the relative humidity, 
another experiment was conduct for two levels 
of humidity, 30 and 40% RH levels, where 10 
NH3 concentrations were used, namely 2, 9, 19, 
28, 37, 45, 54, 62, 71, 79, and 87 ppm. Those 
parameters were chosen due to their proximity 
with ambient humidity during a year. A 
calibration curve of the relative response as a 
function of NH3 concentration was plotted (see 
Fig. 4).  

The two curves were almost joining themselves 
and allow us to conclude that humidity has only 
small effect on the response to NH3. 

 

Fig. 3. Conductivity (solid line) as a function of time 
of a CoPc resistor exposed to NH3 diluted in Ar at 
different concentrations for 1 min-long periods 
spaced by a 4 min-long static rest period. This 
measurement was realized for 4 different humidity 
levels (dotted line) 20, 30, 40 and 60% RH, 
respectively and for 4 exposure/recovery cycles at 3 
different supplementary flow of 50, 25 and 12.5 
mL.min-1, (87, 45 and 23 ppm NH3). 
 

 

Fig. 4. Relative response as a function of the NH3 
concentration of a CoPc resistor at 30% (solid line) 
and 40% (dotted line) RH levels. 

 

Conclusion 

CoPc exhibits a response mainly unsensitive to 
humidity above 20%RH. Moreover this survey 
conducted in the 0-87 ppm range demonstrates 
that the detection limit set by the European 
community is reachable. Furthermore, CoPc as 
a sensor got an easy processability, which does 
not require either a heating set up or a 
complementary humidity sensor. This study of 
the effect of humidity on NH3 sensor response 
allows us to conclude that CoPc is a good 
material for air quality monitoring applications in 
ambient conditions. 
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